INTRODUCTION
Recent innovations in mobile and sensor technologies allow the creation of digital representations of almost any physical entity and its parameters over time at any place. Digital representations of global environments are gained by remote sensing systems, such as satellitebased systems or video-based systems, and are used as a fundamental part of innovative services, such as Google Earth or wetterstationen. meteomedia.de. Digital representations of local physical environments are gained by low-level remote sensing systems, such as RFID technologies, barcode scanning systems and also video-based systems. Hence, we are heading towards a future in which any physical entity has several digital representations so that both become tightly interconnected. Manipulations in either of these worlds will have effect on the other. The key question is: what does this mean for future kinds of products? Products are increasingly required to intelligently adapt to customer needs and changes in usage situations. The future of such smart products will involve having considerable intelligence embedded in a product, which will rely on sensors, processors and communication modules to create smart interactions with customers, other products and the whole environment. The main idea is to more than satisfy the customers by offering them what they need, what they want and something they may be interested in once they figure out that such things actually exist. In order to understand on which levels smart products might adapt to users and situations, we will briefly discuss the underlying concept of a product before we discuss a framework for smart products in which the contributions of this focus theme section on smart products will be discussed.
THE NATURE OF PRODUCTS
In general, products are problem solutions that are transferred from providers to customers (Alba and Hutchinson 1987) . Therefore, products intrinsically carry the potential of balancing asymmetries of capabilities between actors. Capabilities are the service side of a product that are designed and produced by application of a broad range of knowledge and expertise of various experts, such as product designers and engineers. Services are either a direct part of an artefact, such as the service to steer a car by a steering wheel, or an indirect part, such as getting help via external BMW Assist TM services by pushing the SOS button. This indicates that design and realization of a product's service side are general core tasks of new product development (Ulrich and Eppinger 2004) . Product capabilities generally address rational and affective user needs. Product capabilities aimed at rational needs are provided by functions and services by which users can deliberately solve a problem (Alba and Hutchinson 1987) , such as using a can-opener to get access to some peaches or hiring a business consultant who helps to enter foreign markets. Affective needs are supported by emotional cues directly or indirectly carried by a product (Hirschman and Holbrook 1982) , e.g. the fluffiness is a functional part of a teddy bear which transfers a feeling of security while the feeling to be successful by driving a Porsche is an indirect, socially constructed part of the car.
PRODUCT DESIGN
The task of a producer is not limited to the design and implementation of the service side into an artefact but also encompasses the transfer of information and knowledge to the user on how to enact these capabilities (Schmid 2002) . One well-established need for companies that develop, manufacture and sell complex products is to be able to define and manage information about the product throughout all stages of the product life-cycle (Johannesson and Claesson 2005) . On the rational side, a producer intends to communicate at least those services that differentiate this product from others. Services on the affective side might be transferred by story-telling in advertisements, use of metaphors and connection with basic psychological patterns, such as 'roundness signals softness' vs. 'angularness signals toughness'. The transfer of information and knowledge about product capabilities from producer to customer is perceived as the bottleneck targeted by marketing and sales strategies (Schmid 2002 ) which has been deeply transformed and enhanced by digital information and communication technologies (ICT). The Internet is a powerful example of how ICT can change the way information and knowledge about product capabilities are transferred between producers and consumers. Consumers use Internet-based information sources for gaining information about product capabilities during pre-purchase, purchase, usage and malfunction situations. But beside pure e-commerce applications, ICT is increasingly embedded into physical products and is also used for the realization of product capabilities themselves, e.g. navigation systems in cars. Hence, ICT becomes a means for product differentiation which alters the nature of competition by increasing focus on embedding ICT into products (Konana and Ray 2007) . Embedded ICT that captures context data allows the implementation of additional product capabilities, such as failure recognition (Konana and Ray 2007) or adaptation to user behaviour (Maass et al. 2008) . Hence embedded ICT might fundamentally alter the character of products. Basic products with embedded ICT provide pre-designed interfaces for static access to or information about product capabilities, such as elevator control panels. Smart products will learn from and adapt to individual or group behaviour, and other entities in a situation based on global and local context and product representations. Hence, smart products enrich the class of products with the capability of adaptivity. This means that smart products are able to adapt to users by perceiving information about user activities and other context information. This enables pro-active product behaviour along the whole product life-cycle which strengthens linkages with customers, differentiation from competing products and potential for additional revenues, and on the strategic level results in stronger market positions (Konana and Ray 2007) .
FRAMING THE CONCEPT OF A SMART PRODUCT
Smart products can be defined as products with digital representations that enable adaptation to situations and consumers. The smart product environment should have the intelligence to download, process and store information on individual customers, their prior interactions with products, and the ability to create pleasant experiences for the customers. The environment can also act as a recommendation system by suggesting what products may match what the customer is looking for along with their location. If the inventory does not have those products, the environment should be able to proactively order the products. Alternatively, the environment can select products, available in the inventory system, which could match what a customer may be looking for.
Smart products require new ways for interaction with users (Fishkin 2004, Maass and Janzen 2007) that can be used to enable innovative economic concepts (Fleisch et al. 2005, Konana and Ray 2007) . Hence, the vision of smart products raises research questions on the technical side, such as, which architectures are applicable, which kind of semantic representations and processing services are required, which services allow adaptation to consumer needs and which kind of telecommunication infrastructure will enable smart product communication in a secure and robust manner. The rational is to leverage positive effects known from desktop-centred online scenarios, such as purchase decisions (Bo and Benbasat 2007 , Creusen and Schoormans 2005 , Häubl and Trifts 2000 , new product opportunities (Urban and Hauser 2004) or trust building (Komiak and Benbasat 2006) within the context of physical environments. The concept of a smart product extends traditional views on products (Bloch 1995, Ulrich and Eppinger 2004) in the sense that they can adapt tangible products to usage contexts which leads to three core requirements (Maass and Janzen 2007): N (R1) adaptation to situational contexts; N (R2) adaptation to actors that interact with products or product bundles; and N (R3) adaptation to underlying business constraints.
The first requirement places smart products into a dynamic usage context that is given by a situation consisting of a set of actors, products, services, entities, workflows, protocols, and qualities, such as time, space, or emotions (cf. Resatsch et al. in this issue). With the second requirement smart products are either perceived as an object that can be used in a situation as a tool (product-as-tool) or as a subject (product-as-actor) itself that provides communication skills. The 'product-asactor' view assigns products with anthropomorphic form. Finally, a smart product is required to communicate according to business constraints, such as business rules, business models, transaction models and legal constraints. Examples for business rules are dynamic pricing (cf. Thiesse et al. in this issue) and bundling strategies (Robinson and Lakhani 1975, Truffelli 2006) .
In compliance with the above mentioned core requirements, smart products can be characterized by a framework with six general dimensions (Maass and Janzen 2007):
1. Situatedness: recognition of situational and community contexts (R1); 2. Personalization: tailoring of products according to buyer's and consumer's needs and affects (R2); 3. Adaptiveness: change product behaviour according to buyer's and consumer's responses and tasks (R2); 4. Pro-activity: anticipation of user's plans and intentions (R2); 5. Business-awareness: consideration of business and legal constraints (R3); and 6. Network capability: ability to communicate and bundle with other products (R3)
This framework spans a space in which different classes of smart products can be defined. Different types of smart products require different enabling technologies which will be briefly discussed in the following section.
SMART PRODUCT ENVIRONMENTS
The environment should be context-aware and could offer the most suitable information and/or product the user needs or may be interested in. The environment would need sensors to detect the information on products, their current locations and packaging information including any restrictions such as expiry date. The amount of information that needs to be stored, accessed and updated should be matched to the infrastructure capabilities. There can be a trade-off between the amount of processing needed and the need to create very smart interactions between customers and products. The ability to sense the current context, although requiring additional processing, may actually reduce some redundant steps and processing in the interactions. As the number of customers increase and more details on a customer become available, the smart environment should be able to manage the information efficiently. This will allow the environment to scale well with time and number of customers. The reliability of information, physical hardware and software, and the entire environment is critical as the customers may be inconvenienced if incorrect information is used in deciding what they may be interested in at a given time.
There are several technology-oriented challenges that must be addressed before smart product environments can be implemented. These include how communications are supported among smart products, or distributed communications, and among products and servers or centralized communications. The communications between products and customers should be highly focused and limited to keep the interactions more pleasant. There are major privacy challenges as customers may want to limit who can access information on what products they are interacting with, are buying or have bought in the past. The customers may also be informed on what information about them is being stored and can be released to whom in what circumstances. This could be an obstacle towards adoption of smart products if customers are not comfortable with the level of privacy offered and any potential privacy violations.
ENABLING TECHNOLOGIES
Context representations are based on various wireless sensing and communication technologies, such as global sensing technologies (e.g. satellite-based technologies), local optical sensing technologies (e.g. barcodes or video-based sensing), short-range sensing technologies (e.g. RFID), or wireless communication technologies (e.g. WLAN, Bluetooth, Zigbee, NFC, RuBee). Rich context representations, representations about product capabilities and domain knowledge are used by smart products to infer how to learn from and adapt to users and situations. Various technologies are currently evaluated for the implementation of inference mechanisms, such as formal logics (semantic technologies) (Baader et al. 2003 , Fensel et al. 2003 or probabilistic reasoning, e.g. machine learning technologies (Mitchell 1997) .
The current and emerging advances in Ubiquitous Computing, Pervasive Computing, and Mobile Technologies will enable smart products to communicate with other products and customers. More specifically, sensors and RFID would allow detection of ambient conditions and products. The use of implanted, portable, wearable and environmentally embedded technologies ) can help to realise the vision of smart products and environments. The access to multiple wireless and mobile networks will extend the reliable range of communications to other products, environments and potential customers. This will also allow the selection of the best possible network for the type of communications needed such as a wireless LAN to communicate with someone on the same floor, while use of personal area networks such as Bluetooth to someone at a close location. Advances in tangible technologies that bridge the physical world with the virtual world may vastly improve the human sensory interaction with smart products and environments. Advances in activity-based computing (Davies et al. 2008) , which deal with how to detect the current user activity, based on various environmental and sensory inputs, could further enhance the interaction and communications among smart products, environment and actors in different roles.
CONTRIBUTIONS
The goal of this focus theme on smart products is the presentation of initial discussions of how embedding IT into tangible products leads to innovative information systems and thereby to new business opportunities. In the focus theme section some key issues are addressed with a particular focus on design methods and the business dimension of smart products. Resatsch et al. present a new design science method and demonstrate how it can be applied to the development and evaluation of RFID-enhanced consumer products with basic capabilities for customer adaptation in retail scenarios. By a qualitative study, they investigate how situated product information provided by mobile devices is accepted by potential users. This contribution provides important results for the design of smart products in general. Thiesse et al. discuss how real-time data generated by sensors embedded in physical products provides a basis for usage-dependent pricing (UDP) and therefore address the business dimension of smart products. Embedding pricing models directly into products would allow in-situ dynamic price model adaptation during purchase and usage situations. The latter is discussed by Thiesse et al. The other dimensions of smart products as discussed here require similar analysis in future research. Both articles reflect that the concept of a smart product has the potential to establish a new research field with unique questions from the standpoints of economics, marketing, communications and computer science. It also becomes clear that the vision of smart products has only been touched on. In the future smart products with sensor-based context data and rich internal knowledge representations will become a middleware on which new communication and business services will be implemented that, in turn, can be used to dynamically adapt to customers, product designers, and various other stakeholders.
